plasma wave was greater than that of the light waves leading to self-focusing of light below the usual single frequency threshold. 4 By Dec. 1981 both the Raman Forward Instability 5 and the Resonant Self Focusing 4 papers had been published and were received with some interest by the laser-fusion community. When I came back from my "marriage leave" in February 1982, there was a letter waiting for me from Andy Sessler in which he invited me to a workshop at Los Alamos on Laser Acceleration of Particles. Actually, he wanted John Dawson to go but John couldn't go and suggested that I might go instead. I arrived at Los Alamos a day after the conference had started. Toshi Tajima had already given a talk on "A Laser Electron Accelerator" the opening day. I found that the audience of about 80 rather influential physicists was very interested in my experimental talk that showed both beat-wave excitation and relativistic electron acceleration by the Raman Forward Instability. By the end of the Workshop the Plasma Accelerator field was born and endorsed by the Workshop Organizing Committee in their summary as an area worth pursuing. Andy Sessler encouraged me to submit a proposal to Dr. David Sutler's office at the DOE to do dedicated plasma accelerator work at UCLA.
When I came back from the Los Alamos Workshop I talked with John. As I was not a faculty member I had no prospect for obtaining space to build a lab. John arranged a meeting with Dean Ticho of the Physical Sciences and he agreed to lend me his personal laboratory in the Physics Department. I wrote a 3-year proposal to the DOE to demonstrate beat-wave acceleration of electrons which, in retrospect was incredibly naive on my part. At about the same time, Warren Mori joined our group as a graduate student in Electrical Engineering and I asked him to reproduce Toshi's laser wake-field results using the same ID PIC code. Warren turned out to be a very talented student and we very quickly realized that we could and should do 2D PIC simulations of the beat wave scheme. Serendipitously, during a conversation with me, Joe Kindel and David Forslund of Los Alamos mentioned that they were interested in having a graduate student work in the XI group over the summer. Warren went off to LANL which had just taken delivery of the CRAY-XMP machines and Dave Forslund made sure Warren had enough time to run first large scale 2D-PIC simulations using the code WAVE. This collaboration was so successful that we wrote up a full length article in Nature 6 on, "Ultra-High Gradient Acceleration by Intense Laser-Driven Plasma Density Waves" and two papers in Physical Review Letters! 1 John had a large group of students and postdocs at the time. Among them was one particularly bright and enthusiastic student named Tom Katsouleas who picked up the topic of overcoming the dephasing limited energy gain in a plasma accelerating structure. The solution, which came to be known as the surfatron, 8 was deceptively simple. By applying a perpendicular magnetic field of the appropriate strength, particles could be phase-locked in the plasma wave while "surfing" transversely or parallel to the plasma wave front. The solution while elegant was very difficult to implement in practice because it required rather large cross-section plasma waves. To my knowledge no one has successfully demonstrated the Surfatron in a laser-plasma experiment. The Surfatron concept clearly illustrates John's creativity and his ability to nurture talented students. At about the same time John and his collaborators were working on collisionless dissipation mechanisms of electrostatic waves moving across magnetic fields. This problem was of great interest to space-plasma physics and would appear to be completely unrelated to accelerators. However, John's intuition told him that new and interesting physics would result if the phase velocity of these electrostatic waves approached the speed of light. He told Tom about it, who quickly worked out the specifics. Although many famous plasma physicists, most notably R. Sagdeev, had studied this collisionless dissipation mechanism, none had appreciated the profound effects when waves became relativistic.
It so happened that Tom Katsouleas was sharing an office with Warren Mori. This is how I met Tom and eventually, John, Tom, Warren and I began to work together; a collaboration and friendship that has continued for the past fifteen years. This is also common when working with John. His demeanor and personality is such that it is easy to work together and collaborators become close friends After Tom Katsouleas and Chris Clayton graduated I persuaded both to stay on as postdocs at UCLA supported by the newly arrived 3-year DOE grant. We were furiously building a new lab in the Physics Department. We had just about a year before the Second Laser Acceleration of Particles Workshop in Malibu in January 1985, which we were hosting. I would not have agreed to host this were it not for Tom's enthusiasm and John's encouragement. We were fortunate to have some talented students join our groups; Chris Darrow and Don Umstadter on the experimental side and Y. T. Yan, J. J. Su and Scott Wilks on the theory side working with John. At about the same time Pisin Chen joined John as a postdoc and John asked him to look into accelerating electrons in a plasma using an electron bunch which came to be known as the Plasma Wake Field Accelerator. 9 John Dawson has a fantastic intuition about physics and even as early as in 1984 he had already proposed the PWFA scheme as a booster or energy doubler for the SLAC linac. After the first paper on the Plasma Wake Field Accelerator was published in Physical Review Letters in 1985, Pisin Chen expressed an interest in working at SLAC. John personally went to SLAC to meet with Richter and arranged for Pisin to spend a year at SLAC. This was very fortunate because Pisin developed many fruitful collaborations with scientists at SLAC and subsequently was offered a staff position at SLAC. Pisin Chen, in collaboration with K. Bane and P. Wilson of SLAC, John Dawson and J. J. Su of UCLA wrote an important paper 11 in 1986 showing how an asymmetric current distribution of the drive beam had some advantages in increasing the transformer ratio, and therefore ultimately the maximum energy, that a trailing particle could gain in the Plasma Wake Field Accelerator. The idea of a plasma lens was also developed at about this time. 10 Plasma focusing was first studied in conjunction with betatron motion of particles in the relativistic plasma wave as a result of strong radial focusing fields, and subsequently as a result of partial or complete charge neutralization of an electron beam as it propagates through a plasma 10 even without necessarily exciting a longitudinal wake.
In 1986, Y. T. Yan and John proposed the idea of using a purely oscillating electric field as a wiggler to obtain free electron laser radiation. 12 At this time the "Star-Wars" program on directed beam weapons was in full swing. John was more interested in making cheap and compact FELs for medical and commercial applications such as x-ray crystallography of proteins. In 1987, John and his disciples, myself included, T. Katsouleas and others 13 proposed a relativistic plasma wave as a wiggler for obtaining PEL radiation. This technique was a practical realization of the AC PEL scheme which, instead of using a capacitor field, used the oscillating field of a propagating relativistic plasma wave to wiggle an electron beam fired transverse to the plasma wave.
John began to think about how one might generate tunable radiation using a plasma but without using an electron beam as a source of energy. He straightaway realized that self-phase modulation of an e.m. wave in a plasma would lead to large frequency upshifts. In a scheme which came to be known as "flashionization,"
14 the medium surrounding the e.m. wave was rapidly ionized everywhere before the wave could leak-out of the medium. Since the wavenumber of the wave was "frozen," the frequency had to upshift to accommodate an index of less than 1. The work on flash-ionization was followed up by a now classic paper authored with Scott Wilks and others titled, "Photon Accelerator." 15 Of course the title itself is an oxymoron if one is talking about vacuum propagation of light but it cleverly referred to the speeding up of a photon pulse as it surfed the plasma density wake left behind by an electron or a photon pulse. In this process the frequency of the surfing photon pulse is upshifted.
It is revealing to see how John came up with the photon accelerator idea. Rather than working with a complicated set of equations, he realized that if one laser pulse could give energy by making a wake in a plasma, then another photon pulse that was placed n out of phase in this wake could extract energy from this wake. In analogy to a pulse of electrons, the second photon pulse takes this energy by being "accelerated." Since the number of photons stays fixed, then each photon needs to have a higher frequency. In plasma, high frequency photons have a higher group velocity than the lower frequency photons and it is in this sense that photons are accelerated.
The work on photon accelerator also lead John, J. J. Su and R. Bingham to ask the following question. If photons can be accelerated in a plasma, why can't other particles such as neutrinos be accelerated? Once again John's intuition said yes implying that neutrinos-plasma interactions would lead to a slew of instabilities in analogy with laser-plasma and electron beam-plasma interactions. It is of interest to note that John's collaboration with R. Bingham began in 1985 at the Malibu AAC Workshop and continues to-date, as do many of John's other collaborations.
In 1989 John spent a sabbatical at LBL. He interacted closely with David Whittum and Andy Sessler who were working out the concept of an ion channel laser. 16 In an ion-channel laser, a relativistic electron beam propagating through an ion-channel undergoes betatron oscillations and emits betatron radiation which in turn bunches the electron beam and produces coherent radiation with a large frequency upshift. Upon coming back to UCLA, John with his student, K. R. Chen worked out the theory of an ion ripple laser. 17 John's Advanced Accelerator Years were incredibly exciting for those of us who had the fortune to participate in many of his inventions. During these years, he invented or co-invented the Plasma Beat Wave Accelerator, 17 and other concepts. Many of his students and postdocs have followed up his ideas and indeed established themselves as leaders in the Advanced Accelerator Concepts community. This September John Dawson turns 70 and we would like to recount his leadership, vision, and support of this field as a way to say, "Thank-you John."
